Seven new oleanane-type triterpenoid saponins (glabasaponin A-G) were isolated from the roots of Glycyrrhiza glabra together with a known compound macedonoside A. The structures of compounds 1−7 were determined on the basis of 1D and 2D NMR as well as the MS data analyses. The sugar moieties of compound 5 were confirmed by gas chromatography after hydrolysis.
With a rising consumer demand for reduced-sugar in food and beverages, the discovery of natural low-/zero-calorie sugar alternatives brings more attention to global food industries and researchers. Licorice, the root of Glycyrrhiza species, is one of the oldest and well-known sweet materials in the world. Its extract is widely used as a flavor in foods, beverages, and dietary supplements. Glycyrrhizin as one of the major metabolites obtained from Licorice, is up to 50 times as sweet as sucrose [1] , and is approved as a natural sweetener and/or flavor in many countries [2] . Except for glycyrrhizin, couple of other triterpene saponins from Licorice plants were identified sweet [2] . This drove us to look deep into glycyrrhizin analogs from Glycyrrhiza glabra. The goal of this research is isolating new triterpenoid saponins from G. glabra and their sweet profiles.
The powered dried roots of Glycyrrhiza glabra was extracted with ethanol twice at 70 o C. After removing the residual ethanol, the root powder was further extracted with water at 100 o C to provide the aqueous extract. The aqueous extract was separated by SP20SS, MCI, and Sephadex LH20 column chromatography and preparative RP-HPLC. Eight triterpenoid saponins were obtained, including seven new compounds (1−7, glabasaponin A-G) and one known compound (8). The structures of 1−8 were identified by high resolution ESIMS and NMR analysis including 1D and 2D NMR. The sugar residues of compound 5 were determined by GC analyses after hydrolysis. The known compound was confirmed by comparing MS and NMR data to published data [3] .
Compound 1 was obtained as a white amorphous powder, the molecular formula of compound 1 was determined to be C 42 18 , 853.3858, Δ = 0.7 ppm). In the high energy mass spectrum (15-45 ev), losses of two units of 176 Da were observed at m/z 677.3550 and 501.3228, indicating that compound 1 contains two glucuronic acid moieties [4] . The 1 H and 13 C NMR spectra (Table 1) suggested a sapogenin of glycyrrhizin with two more hydroxyl groups. One hydroxyl group was assigned to C-24 due to the HMBC correlations ( Figure S1 ) from H-24 (δ H , 3.37) to C-3, C-4, C-5, and C-23. The HMBC correlations from H-30 to C-19, C-20, C-21, and C-29 as well as the COSY correlations between H-21 and H-22 supported the assignment of the other hydroxyl group at C-21. The relative configuration of compound 1 was established based on a ROESY experiment (Figure S 2). The correlations of H 3 -23/H-3, H-3/H-5, H-5/H-9 indicated that CH 3 -23, H-3, H-5 and H-9 were in α-orientation. Subsequently the ROESY cross peaks of H-18/H 3 -28, H-18/H 3 -30 revealed that H-18, CH 3 -28 and CH 3 -30 should be assigned to be β-oriented, the correlations of H-21 with H-19 and H-16 suggested an α-orientation of H-21. Thus, the sapogenin of 1 was determined to be 3β, 21β, 24-trihydroxy-11-oxo-olean-12-en-29-oic acid.
The HMBC correlations from H-1′ to C-3 (δ C 89.4) and H-1″ to C-2′ (δ C 77.5) suggested the attachment of gluconic acid (GlcA) units at these two positions ( Figure S 1) . The β-configuration of the GlcA glycosidic bonds was established by the coupling constants of H-1′ (δ H 4.68, d, J = 6.9 Hz), and H-1″ (δ H 4.94, d, J = 7.9 Hz) [5] . Two GlcAs were tentatively assigned as D-configuration, which is common for Glycyrrhiza saponins. Thus, the structure of compound 1 was identified as 3β-O-[β-D-glucurono-pyranosyl-(1→2)-β-D-glucuronopyranosyl]-21β, 24-dihydroxy-11-oxo-olean-12-en-29-oic acid and was named glabasaponin A.
Compound 2 was obtained as a white amorphous powder, the molecular formula of compound 2 was determined to be C 42 4 ppm) , which suggested an isomer of compound 3. The gCOSY, HMBC and HSQC established the same planar structure of compound 4 as 3. Compared with the 13 C NMR data of compound 3 (Table 1) (Table 1 ) of compound 5 with 3 showed the same sapogenin of these two compounds, with 5 having one more sugar unit than 3. The fragment of a saccharide chain with three sugar units at m/z 497.11570 in Q-TOF high energy mass suggested an additional rhamnose moiety [6] . It was confirmed as LRhamnose based on the NMR data (H-1'''−6''', δ H 5.20, 4.07, 3.84, 3.51, 4.12, 1.31; C-1'''−6''', δ C 100.4, 70.2, 69.8, 72.2, 68.5, 16.8) [7] . The terminal L-Rha was attached to 2′′-OH of GlcA, according to the HMBC correlation of H-1″′ with C-2′′ (δ C 78.1) (Figure S Thus, the sapogenin of 6 was determined to be 20α-hydroxymethyl -22β-hydroxyl-11-oxo-olean-12-en. Compared with the NMR data of Compound 6 with 5 suggested the same sugar part of 6. Based on above deductions the structure of compound 6 was identified as 3β
methyl-11-oxo-olean-12-en and named glabasaponin F.
Compound 7 was obtained as a white amorphous powder, the molecular formula of compound 7 was determined to be C 54 H 84 for twice and the water-soluble layer was dried down with rotovap. The samples together with the sugar references (D-GlcA, and L-Rha) 2 mg were dissolved in 2 mL of anhydrous pyridine, L-cysteine methyl ester hydrochloride (3 mg) was added and the mixture was stirred at 60°C for 1.5 h, a 1 mL amount of HMDS-TMCS was added and the mixture was kept at 60°C for 1h. 1 µL of the supernatant was injected to the GC/MS for analysis on a DB-5MS GC column (30 m × 0.25 mm × 0.2 µm) from 120 to 260°C with a stepwise increase of 6°C/min by using He as carrier gas (1 mL/min), The temperature for injection and detector was 250°C and the splitting ratio was 1:100.
Sensory Evaluation: 0.3 mg of each compound was dissolved in 2 mL of filtered water. The samples were kept at approximately 4°C. Due to limited sample quantity, one trained panelist assessed the sweetness of samples. Samples were served at approximately 4°C. Panelist was instructed to take 1 sip of the sample, hold in mouth for 5 seconds, expectorate, and rate the sweetness. 2% Sucrose solution was used as reference. 
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Supplementary data: Supplementary data, such as separation methods, LC-MS and NMR spectra, are included in the Supporting Information.
